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Gas giants: some key issues

* Did most gas giant form through core accretion or
gravitational instability?

Yi Feng 2/42



Spirals and gaps in protostellar disks
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Smoking gun for core accretion
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Gas giants: some key issues

* |sthere a prefer location for gas giant formation?
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. The planet exchanges angular
momentum with:

- librating fluid elements:
— corotation torque

“Maximum value scales with -
, 210" gradient of disk vortensity -
& - (Q/23) across horseshoe region
_g 1-10™} _
g
o [
(&) 0
o 100 200 300 400 500
-1.0 -0.5 0).(0 0.5 1.0 Time (orbits)
. . Long-term evolution of the corotation
e.g. Goldreich & Tremaine (1980), torque is related to the disk viscosity 2112

Ward (1992), Masset (2001) Paardekoobper Baruteau



Planet-disk tidal interaction
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Total tidal torque: \
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Gas giants: some key issues
Can cores form prolifically?
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Gas giants: some key issues
* |s there a threshold mass for gas accretion?
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* |s there enough time for gas giant
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Gas giants: some key issues
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Msin(i) [Jupiter Mass] / Mass of Star [Solar Mass]

Gas giants: some key issues
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Minimum Mass (Msini / Mc,..)

Gas giants: some key issues

Where is the planetary desert predicted by population

Synthesis models?
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Gas giants: some key issues

* How did multiple gas giant system form?

Gas surface density of disk with one Jupiter and three SuperEarth embeded [STAGE 6]
I
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some key issues
* How did gas giants acquire their eccentricity?

Gas giants

Il. Gap Formation

1. Initial Disk

IV. Resonant Configuration

1ll. Gas Ring Dissipation

VI. Disk Evaporation

V. Inward Migration
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Gas giants: some key issues
* How prevalent is gas giants’ migration?

* How do lone gas giants migrate?

Systems with n>2 planets

Also a constraint for
planet formation models!

[ multi-planet systems: many are almost optimally ““packed”
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Mass Accretion Rate (M _/year)

Stalling of planets inside & at the
magnetospheric truncation radius
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Planet Fraction, f(M,F)

Paucity of hot Jupiters around hot stars
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Gas giants: some key issues

* Where are the culprits for Kozai or secular chaos :

1.52 Mo
320 pc
2.1 Gyr

0.18 Mo
1240 AU

1.6 um image of HAT-P-7 (12"x12"). Upper right: AADI/LOCI reduced Subaru image
"). Lower right: AstraLux z' band image of HAT-P-7 and the eastern companion candidate.
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Tidal Disruption of a Jupiter-like Planet

A gas giant planet disrupted by a sun-

s
like star as a result of planet-planet ;z
scattering or the Kozai effect.
Nagasawa HD 80607
0.01:-
1 10 100
'.. : rpln
g :Q . '.:H——Sdeglees
i ' /S/AUOHDBOGOG . ! !
By Shangtei Liu, Graduate Student @ KIAA, PKU 20/42
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Gas giants: some key issues
* |s there evidence for prevalent spread scattering ?
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Gas giants: some key issues
What about spin-orbit misa“!jgnment?
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Gas giants: some key issues

* |s there evidence for M.-dependent tidal dissipation?

180 -
LM Pk %
? 150 - L . +
k=) WASP-8 &
> 120~ JaP-23b HAT-P-11b
g ' )
§ 90 — JaT-P-a20 ] ¢ ;
8 NASP-12 b
. 60—
3 | xofn } B ‘FD 80606 b
2 30— T F1po ?
:1: I .ll ¢ L’ | . ,.l&,i :]" | + ¢
[ ;:.“_-‘ h LY ¢ e} ( IO HD 1‘7156 o # ‘) .
0- lr L & L LF — —1 — Winn
10° 10° 10' 10° 10°

relative tidal-dissipation timescales tqe tas [Yr]

f o e .\.. |
lH) = - sin® cos O ((rwﬂ - 1—) .
v 10 .1 ’

- w 50 (J.t:_u";‘:.li \ -.’{- A\ (P‘ \
t\ ) = 1.-‘ I-‘[Ll‘.‘l ( l[l J (1‘:'0."!.: ) P ’J

04y /PN
" r\ | ) ) (1(!;' bye

Lai 23/42



Alternative model: internal gravity wave
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Gas giants: some key issues

Is there __ewdence for mternal differential rotation ?
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Gas giants: some key issues
* Origin of diverse planetary density ?

Mass (M,)
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Super Earths: some key issues

Did super Earths assemble in situ or form at large a and migrate?

@ Jun 2010 © Feb 2011 @ Feb 2012

Size Relative to Earth (Radius)

4 10 40
Orbital Period in Days

The embryes run out of raw material and stop growing.




Super Earths: some key issues
 How to identify in situ assembly? oo oo 2™ 10 1o
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Super Earths: some key issues
 What determines the period distribution?

@ Jun 2010 O Feb 2011 @ Feb 2012
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New Candidate Catalog (Batalha et al. 2012)
What can we learn from Multiple systems !!!
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Super Earths: some key issues

How to differentiate type | and Il migration?
0.5 v v
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Migration of a Super Earth in protostellar disk around a

magnetized T Tauri star. The Super Earth: (a) grows &
migrate inward to inner-edge; (b) migrates slightly outwards
with the expanding disk inner edge; (c) halts migrating after
gas is mostly depleted. (Ju et al 2012 in preparation)
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Super Earths: some key issues
* What determlnes the super-Earths’ mass-period domain?
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Super Earths: some key Issues

* Did planets capture each other and parted their ways?
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log(7./yr)

Super Earths: some key Issues
Can tidal dissipation really cause orbital evolution at large a?
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Super Earths: some key issues
 Can type | migration be resurrected at the late stages?

Semi Major vs Time

T rel76'ul2

re2.76' u 1:2
(100#K(-2./7)*eXp(2+x/7/(10%6)))*0.08
(100#K(-2./7)*e Xp(2+x/7/(10%+6)))*0.06
(100##(7./10)*exp(-74x/(10++7)))/3

2e+06

4e+06 6e+06 8e+06
Timelyr

Semi Major vs Time

le+07

" rel65 ul2

're2.65'u 1:2
(1004(-2./7)*exp(2*+x/7(10+46)))*0 .08
(1004(-2./7)*eXp(2*+x/7(LO¥6)))}*0.06
(100%4(7./10) *exp(-7+x/(10+47)))/3

2e+06

L
4e+06 6e+06 8e+06
Time/yr

le+07

3.2

2.8

2.6

2.4

2.2

Period Ratio

18

16

12

Bin Dai

Period Ratio vs Time

""Ratio76"u 13 —

L
2e+06

I
4e+06

I L
6e+06 8e+06 le+07
Time/yr

37/42



ultimate period ratio

Asymptotic period ratio

oerioc ratio vs m_cut (m_in=9Meartn)

ultimate period ratlo ve m_out (m_In=SMearzh)
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Super Earths: some key Issues

Are there many diverse migration mechanisms
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Super Earths: some key issues
* How to suppress gas accretion onto super-Earth?
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Other issues

Late-stage evolution in debris disks

Post formation dynamical evolution

Non planar planetary systems

Planets around different mass stars

The role of elemental differentiation in natal disks

Planets in binary stars

Planets around stars in clusters

Planets’ magnetic and tidal interaction with their host stars
Planets’ consumption by their host stars

Planets’ survival around evolved stars

Planets’ internal structural evolution

Planets’ atmospheric dynamics

How is habitability affected by dynamical interaction between planets
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Summary

Theory is an useful exercise for the interpretation
of data and planning of exploration strategy.

Planetary astrophysics is a rich discipline which can be
tackle at all levels.

Planet formation is a robust process and their
dynamical architecture is diverse.

Migration played a big role in their final destiny.

Theory of planetary astrophysics is relevant to many
other astrophysical contexts.
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